JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. ABSTRACT A study of air photographs and satellite imagery of a Hani village (Mengsong) in southwestern Yunnan between 1965 and 1993 showed that swidden cultivation did not lead to permanent conversion of forest land to agriculture but rather a conversion of a fairly homogeneous secondary closed-canopy forest into a highly heterogeneous land cover of different stages of forest succession. An analysis showed a direct correlation between government policies on producing food from hilly lands and the destruction of forest cover. This analysis also showed that since the Household Responsibility System was introduced in late 1979, allowing farmers the right to decide where, what, and how much to plant, farmers have decreased the amount of land farmed and intensified their farming methods.
While many research scientists and government officials blame indigenous people for forest loss in tropical areas, little is known about the when, why, and how of changes in land cover and land use. This study sought to develop a better understanding of the dynamics of land-cover and land-use change in Xishuangbanna.
More specifically we sought to clarify the roles of four factors often associated with changes in land cover and land use (i.e., swidden agriculture, state policies, population, and customary institutions). This research is part of a project on biodiversity assessment in swidden agroecosystems conducted by the Kunming Institute of Botany (KIB) of the Chinese Academy of Sciences with assistance from the East-West Center (EWC) Program on Environment. Project goals include study of the swidden agricultural system and documentation of the effects of this farming practice, population growth, government policies, and customary institutions on land cover and land use in this area over the last 30 years. Since 1990, the KIB research team has made repeated field trips to the project site for collecting both biophysical and socioeconomic data. The work introduced here, concentrating on the Hani village of Mengsong, will also be relevant to the neighboring areas of Laos, Myanmar, and Northern Thailand, given the extensive transborder migrations of the past and the similarities in landscape and culture .
METHODOLOGY
The project integrated the development of a spatial database with information collected through interviews with farmers and other key informants and an analysis of relevant socioeconomic policies. This database served as a framework for studying changes in land cover and forest patterns through time, as well as a tool for examining the information and insights collected in interviews and policy analysis.
The spatial database was developed using 1965 (February) air photographs (nominally 1: 32,000) as well as a 1993 (March) Landsat Thematic Mapper image. The air photographs were manually interpreted (with the aid of a stereoscope) and classified into three categories (secondary growth, swidden, and paddy). The photographs were registered to a map base (1:25,000) and the land-cover categories were digitized and entered into a geographic information system (GIS) database (ARC/INFO software on a Sun Sparc workstation). The Landsat image was classified into the same land-cover categories and registered to the same base map as the 1965 photographs. An unsupervised classification of the image was undertaken using ERDAS Image software.
The secondary growth or successional vegetation was further subdivided into three classes (closed-canopy forest; open-canopy forest; and grass, bamboo, and bushes). Closed-canopy forests may or may not have been primary forest (given the long history of swidden cultivation throughout this region, we consider it unlikely that forest conditions in 1965 were in any way 'primary') and hence all forests were classified as "secondary growth." Secondary growth is not a simple or uniform phenomenon, but consists of a wide variety of vegetation types. Species composition and structure of secondary forest change rapidly in the course of succession and only experienced observers are able to distinguish mature secondary forest from primary forests. Young secondary forests and other formations, such as grass, bamboo, and bushes, can be recognized more easily as products of human pressure (Schmidt-Vogt, 1998). The socioeconomic database was developed through interviews with key informants, including traditional village chiefs, community leaders, older people who could provide holistic histories of land-use dynamics in the study area, as well as younger people who provided insights into how land use may change in the future. Extensive household interviews were conducted with individual farmers in order to collect data on how families arrange their swidden fallow plots across the landscape, how they collaborate with neighboring farmers and communities for allocating and zoning land use, and how they control fires.
Participatory rural appraisal methods were used to construct time lines, farmers' calendars, and folk classifications of forest, land use, and common property categories. Residents of the village were interviewed to learn more about the socioeconomic factors contributing to their decision to create or maintain forests in their area. Key informants were used to assess, among other factors, local peoples' perception of the forest. The first author has spent almost 10 years working and visiting with villagers in Mengsong.
Topographic and land-use maps were used in the field as tools for soliciting discussion from local leaders and farmers on past land-use practices, present land-use conflicts, and their plans for the future. Local people made sketch maps delineating customary land-use boundaries, tenure boundaries, sites of conflicts, and the location of valuable resources. Important boundaries demarcating features such as community-protected forests, and mining roads and pits were mapped using GPS technology and the guidance of local people. Secondary data on variables, such as population, cultivated fields, and food production, as well as documents on land tenure, were collected from different government agencies at local, township, county, and prefecture levels. Government officials were interviewed in order to reconstruct an account of both customary laws and government polices for regulating the access to resources. The relations between government and local people under different land tenure systems were analyzed to show how tenure affected the access of villagers to forest resources.
RESULTS

THE HANI AND THEIR HISTORY
The Mengsong community is located in Jinghong County in southern Xishuangbanna, bordering Myanmar to the south (Figure 1) . A small plateau in the center of the county bears the name Mengsong (Meng, meaning "plateau" and song, meaning "high" in the local language. Mengsong is an important sub-watershed of the Lancangjiang River (Mekong), and is composed of ten Hani and one Lahu hamlets. The community has a population of 2,698 individuals living in 540 households (1992), and covers an area of 100 km2.
The Hani people (and the Akha in Thailand who were originally members of the same group) originated from Hong He, the Red River region of central Yunnan, where they are believed to have practiced irrigated agriculture more than a thousand years ago (Ma, 1983) . Following wars, earthquakes, and landslides, some Hani split off and migrated toward what is now Xishaungbanna (Figure 2) (Sturgeon, 1998) 
CHANGES IN STATE POLICIES AFFECTING LAND TENURE AND LAND USE
Since 1950 China has implemented numerous, and sometimes conflicting, policies that affect the ownership of land, both agricultural and forest. In Mengsong, before 1958, local wealthy families (or landlords) controlled most agricultural land. Most forest land, however, was accessible to individuals for collecting rattan and other non-timber forest products as governed by customary laws.
During the collective period, 1958-1978, peoples' communes collectively owned agricultural land, and forest lands were owned either by communes or by the state. During this period, local governments planned grain production. During the Cultural Revolution (1966-1976) technical line agencies, such as the Bureau of Forestry, changed their focus to political issues and were not able to monitor the condition of the forests. As a consequence the country suffered a large loss of forests. In addition, the state demanded that local people increase grain production in order to achieve food self-sufficiency. This also resulted in large expansions of swidden land and forest loss.
From 1978 to 1983, under the Household Responsibility System, agricultural lands, such as paddy fields, were contracted out to individual farmers but forests were still under state control. Boundaries between state forests and household agricultural lands were not clear and this often caused conflicts between government agencies and local collectives or individuals. In order to stake their claim to contested forest lands, local collectives or individuals sometimes resorted to clearing the land for agricultural purposes, causing further loss of forest cover.
From 1983 to the present, Yunnan Province has implemented a policy called liangshanyidi (freehold and contracted forest lands and swidden fields) with the objective of stabilizing forest land and swidden fields. The goal of this reform was to shift forest management from the state to individuals for forest regeneration. Under this reform, both freehold plots and collectively-held forests can be leased to individual households. Since the implementation of this policy, the amount of land in Mengsong under swidden has remained fairly stable.
Today, forest tenure can be classified as state, collective, or household. The government often holds closedcanopy forest as state forest, and local communities hold collective forests for cutting timber for public and family purposes. Every household receives one plot (usually 0.33-0.5 ha) for firewood collection. Tea, bamboo, and rattan gardens are often private. The community protected rattan forests, sangpabawa (which translates as "local headmen's rattan forest"), have been protected as community property by indigenous people for about 12 generations through customary institutions (Xu, et al., 1993a) . Today, the government usually controls these forests. In Mengsong, after negotiations with the Bureau of Forestry, the community's right to protect and utilize these forests was recognized by the local government in 1983. The extent of the active swidden fields throughout this 28-year period remained stable at 2% of the total area. The amount of paddy decreased from 3 to 2%, and the amount of land mapped as reservoir and roads increased from 0 to 1%. Table 2 
DISCUSSION
This study sought to develop a better understanding of the dynamics of land-cover and land-use change in Xishuangbanna. More specifically it attempted to clarify the roles of several factors often associated with landcover/land-use change. These include the roles of swidden agriculture, state policies, population growth, and customary institutions.
THE EFFECT OF SWIDDEN AGRICULTURE
The results suggest that the traditional swiddening system of the Hani did not cause permanent conversion of forest land to agriculture but rather a conversion of a fairly homogeneous secondary closed-canopy forest into a highly heterogeneous land cover in different stages of forest succession. In other words, there has been a change in land cover from closed-canopy secondary forest to earlier stages of forest succession, but not a change in land use from forest to permanent agriculture. Land use with swidden cultivation, remained constant throughout the period despite various government and market interventions.
This conclusion has important implications for the future. Field studies by Xu et al. (1993b) in Mengsong showed that plots classified as grass, bamboo, and bushes, and open canopy, often have as much species diversity as more mature closed-canopy secondary forests due to the large number of species found in relatively small areas. The floristic composition of successional vegetation in study plots changed from a predominance of shrub species to tree species with some species regenerating rapidly from the tree stumps left after the swidden cycle. A twenty-year fallow period was sufficient for a new closed-canopy secondary forest cover to form in Mengsong (Xu et al., 1993b) . Similar studies in Kalimantan, Indonesia (Lawrence, et al., 1998; Padoch and Peters, 1992), have shown that while diversity of both plants and birds was lower in swidden areas than in the primary forest, some sites have 50-80% of the diversity of comparable natural forests. These studies have concluded that while swiddening may cause a significant loss of biodiversity, the impact is less than that of the major alternative land use (plantation forestry and commercial agriculture).
In addition to the total number of species, differences in patch size as well as distribution of disturbance through time and space, are also important factors. As a land-use practice, swiddening causes relatively small patches of disturbed forests to be produced at low rates. These patches are dispersed irregularly across the landscape, and arise consistently through time. As such, the process shares important characteristics with natural disturbances due to tree falls, wind throws, and small-scale forest fires and landslides. In comparison, plantation forestry and commercial or industrial agriculture, the alternative land-use practices that would take the place of swiddening, affect large areas (economics of scale). These patches are distributed evenly across the landscape and disturbances occur unevenly through time (Lawrence, et al., 1998) .
The number and size of forest fragments are also indicators of forest disturbance and health. Tropical forest biotas are vulnerable to habitat fragmentation because of species richness, restricted or patch distribution, small population sizes, ecological and habitat specialist, and co-evolved interdependencies (Laurance and Bierregaard, 1997; Schelhas and Greenberg, 1996). Fragmentation is favorable for some species, (i.e., generalists, multihabitat species, edge species, and exotic species) and detrimental for the preservation of other species (i.e., those that need shade, large habitats, and primary forest niches). Forest fragmentation leads to an increase in the number of patches, patch density, and the amount of edge habitat. These changes favor herbivores and bird species that need more herbaceous plants and multiple habitats and are detrimental to the survival of other species (Schelhas and Greenberg, 1996) .
Shifting cultivation is also commonly blamed for soil erosion and in fact the first monsoon rains of the season do cause erosion from the newly cleared swidden fields. Moist tropical forests, however, are impressively resilient and vegetation quickly covers the ground and reduces erosion throughout the rest of the monsoon. Evidence from field surveys suggests that the impacts of swiddening on water-and soil-holding properties may be exaggerated (Zinke et al., 1978; Alford, 1992; Forsyth, 1994 Forsyth, , 1996 . Watershed monitoring conducted by Xu (1998) in the Mengsong area showed that topsoil loss under grass or bush cover was about 0.9 ton/ha in contrast to 1.78 ton/ha under a well-terraced tea garden.
Another common belief is that swiddening reduces not only the diversity of species but also the number of valuable species. But swidden cultivators typically favor species they value by preserving them during slashing, burning, and selective weeding and then by replanting the useful species when abandoning the land to fallow. The Hani people in Mengsong, for example, have for many generations cultivated rattan in their fallow fields that can be harvested after ten years. Secondary vegetation is also often both economically and culturally important for indigenous people for hunting and gathering purposes. Schmidt-Vogt (1998:145) concluded that while the secondary forests that regenerate in Northern Thailand after a swidden cycle may "be degraded with respect to the absence of large trees, they are certainly not degraded with respect to the presence of useful species."
Hence this study in Mengsong does not lead to an easy clarification of the relationship between swidden agriculture and land cover. While swiddening can cause a loss of biodiversity, fragmentation of forest cover, increased soil erosion, and a decrease in the size of trees, in comparison with alternative land uses, swiddening practices can play positive roles in the conservation of biodiversity, control erosion, and assist in the preservation of useful plant and animal species. Perhaps the most important conclusion is that the impacts of swidden agriculture on land cover are significantly less than that of the major alternative land uses (plantation forestry and commercial agriculture). In general, forest degradation in Xishuangbanna since 1950 can be attributed to three causes. The first is the spread of rubber plantations. Today there are about 120,000 ha of rubber plantations in Xishuangbanna; these plantations, accounting for about 7% of the total land area, were converted from both primary tropical forest and fallow swidden fields. The second cause is the officially sponsored migration of farmers to Xishuangbanna in order to provide labor for the rubber plantations; these laborers have since substantially increased the cutting of wood for fuel and timber. The third cause is government policies that directly or indirectly led to the destruction of forest cover; these include the Great Leap Forward that obliged farmers to cut trees for backyard iron furnaces, lack of government authority during the Cultural Revolution making it impossible to control logging, and the campaigns for local self-sufficiency in grain. During the collective period, state policies played a key role in the degradation of forests through poorly conceived efforts to manage local economies. These policies failed to address the complexity of the numerous ecological and cultural niches characteristic of the region.
THE EFFECT OF STATE POLICIES
THE EFFECT OF CUSTOMARY INSTITUTIONS
Hani society was traditionally organized according to three institutions: the village chief; social organization arranged according to kinship including family, lineage, and clan units; and territorial land governed by a range of customary rules that were monitored and enforced by the village chiefs and clan elders. These institutions structured attitudes of villagers, social relationships, and even technology, in such a way as to ensure secondary regeneration of fallow fields, to protect functional or economic forests (e.g., rattan) from overexploitation, and to secure collaboration in cultivating swidden fields through labor exchange. The effectiveness of customary institutions depends on cultural identity and resilience to external influences. This study clearly demonstrates the adverse effect government agencies can have on forest cover when they fail to see the benefits as well as the costs of swidden cultivation. In Mengsong there is a direct correlation between government policies on producing food from hilly lands and the destruction of forest cover. Once farmers were allowed to make decisions regarding the management of their own swidden/fallow/forest systems, they decreased the amount of land farmed and intensified their farming methods. The government's decision to allow farmers to manage their own land, and its belated recognition of customary institutions for managing land resources, enabled farmers in Mengsong to stabilize the amount of land under swidden cultivation while meeting the subsistence needs of a growing population.
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